The directional contact range of two convex polyhedra is the range of positions that one of the polyhedron may locate along a given straight line so that the two polyhedra are in collision. Using the contact range, one can quickly classify the positions along a line for a polyhedron as "safe" for free of collision with another polyhedron, or "unsafe" for the otherwise. This kind of contact detection between two objects is important in CAD, computer graphics and robotics applications. In this paper we propose a robust and efficient computation scheme to determine the directional contact range of two polyhedra. We consider the problem in its dual equivalence by studying the Minkowski difference of the two polyhedra under a duality transformation. The algorithm requires the construction of only a subset of the faces of the Minkowski difference, and resolves the directional range efficiently. It also computes the contact configurations when the boundaries of the polyhedra are in contact.
Introduction
The collision status of two objects, i.e., whether they are separate or intersecting, as well as their contact configurations, i.e., at which parts they are in contact, are important in many applications in CAD, computer graphics and robotics, or other areas that involve physical simulations, where responses are subsequently deduced based on these pieces of information. In this paper, we focus on the collision status and contact configurations of two convex polyhedra, assuming that they may only move along a given direction. The restriction regarding the direction is deemed reasonable, as there are a lot of applications in which object translations are only allowed in some specific directions. In industrial modeling or motion design, for example, the directions of movements that a mechanical part can take are limited by the constraints imposed by the degree of freedom of the part. The directional collision status of two objects is therefore useful, e.g., for object placements and motion design in a dynamic environment.
We define the directional contact range (DCR) of two convex polyhedra P and Q with respect to a direction s to be the range of positions that Q can locate along s so that P and Q are in contact or overlap, assuming that P is kept static. Equivalently, we say that
where α, α ∈ R,ŝ = s/ s and Q tŝ = {q + tŝ | q ∈ Q} is the result of Q translated by tŝ. In particular, Q αŝ and Q αŝ are in external contact with P , i.e., they touch P only at some boundary points.
The DCR essentially gives the relative positions between the polyhedra at which they are in contact, and therefore can solve collision queries when Q is considered moving along s. Since the polyhedra are convex, it is obvious that the DCR is either empty or is a single closed interval. The directional separating distance or penetration distance of P and Q, when they are separate or overlap, respectively, can also be computed from the DCR, so that if DCR(P, Q, s) = [α, α], the required directional distance is given by min{|α|, |α|}.
Object interference testing or collision detection has been intensively studied in the fields of computational geometry, computer graphics and robotics (see a survey in [1,2]). Given two convex polyhedra, Cameron and Culley considered their minimum translational distance [3] ; and there are convex optimization methods [4] and feature-based algorithms [5, 6] that determine their closest features. Kim et al. [7] estimated the penetration depth of two intersecting polyhedra using the Gaussian map of their Minkowski sum. In relation to directional contact, Dobkin et al. devised an O(log 2 n) algorithm to compute the directional penetration depth of two intersecting convex polyhedra [8] , and showed that the directional distance corresponds to the directional distance between the origin and the Minkowski difference polyhedron, M , of the polyhedra. Hence, a bruteforce algorithm for finding the directional distance by intersecting a line from the origin and M has O(n 2 ) complexity, which is also the geometric complexity of M . There are efficient solutions for computing the intersection of line and a convex polyhedron, including linear programming approaches or geometrical methods such as [9, 10] that transform the problem to locating a point in a convex plane partition in the dual space. Our algorithm differs by using another form of duality transformation, and most importantly, we exploits the fact that M is not a general convex polyhedron, but the Minkowski difference of two convex polyhedron with much simpler geometric complexity.
Major Contributions
In this paper, we present an algorithm to compute the directional contact range (DCR) of two convex polyhedra efficiently. The goal of the algorithm is to seek a face on the Minkowski difference of the two polyhedra which gives the contact
